INTRODUCTION
There are a number of characteristics which distinguish the Little Blue Penguin, Eudyptula minor, from the other penguins. They are small, blue dorsally, and white ventrally, without any tufts or flashes. They are found only in Australasia. In New Zealand, E. minor is widely distributed along the coast and around the offshore islands. The coastal populations are presently subdivided into subspecies on the basis of external morphological characteristics proposed by Kinsky and Falla (1976) . They give to White-flippered Penguin of the Canterbury coast the name E.m. albosignata; the North Island population E.m. iredalei; and the Cook Strait birds E.m. variabilis.
The present study attempts to determine the amount of genetic variation in these geographical populations of E. minor which are morphologically distinct according to (Kinsky and Falla, 1976) .
MATERIALS AND METHODS

Study areas
The four E. minor study areas were (1) Onawe Peninsula (43°46'S, 172°55'E), situated approximately 30 km south-east of Christchurch in the * Author to whom correspondence should be addressed. The population, sample sizes and the time sampled are given in table 1.
Penguin handling and sexing The penguins were caught at night on their breeding grounds and placed in a bag with a hole, which allowed a leg to protrude while blood was extracted. Only adult penguins were sampled.
The method described by O'Brien (1940) to distinguish the sexes by bill characteristics was used in this study. Difficulty in differentiating between juvenile males and adult females was sometimes experienced, in which case penguins were classified as juveniles. Those penguins found cohabiting were assumed to be adult male/female pairs, since two birds of the same sex seldom occupy the same burrow except in the moulting season (C. Challies, personal communication). Fledglings were easily identified by their smaller size and paler plumage. (c) Erythrocyte fractions Erythrocyte samples were haemolysed using one of three methods, depending on the enzyme to be extracted. Erythrocyte lysates were centrifuged in an Eppendorf SP 1500 for 10 minutes immediately after lysis. For the analysis of glucose-6-phosphate dehydrogenase (G6PDH), it was necessary to isolate this enzyme from the red blood cells which were lysed using one volume of red cells to 20 volumes of distilled water. The lysate was centrifuged at 18,400 x g and the resulting supernatant discarded. A considerable amount of enzyme degradation was encoutered. Red cell lysates that were released using Triton X-100 were used only once; toluene treated samples could be used twice and all other samples used four times before breakdown of enzymes was obvious.
The buffer systems used for electrophoresis and for the staining of the soluble proteins and enzymes are given in tables 2 and 3.
Ten isoenzymes were studied, 5 from group 1 (specific enzymes), and 5 from group 2 (nonspecific enzymes) (Gillespie and Kojima, 1969) (table 4) . Blood collected in vessels containing EDTA as the anticoagulant was used for all enzymes except acid and alkaline phosphatases, which were analysed using blood extracted with Heparin.
Stain recipes
Detection of isozymes was essentially as described previously (Brewer, 1970; Harris and Hopkinson, 1976; Shaw and Prasad, 1970) . 
Genetic interpretation
Enzyme followed by a number, e.g., EST-1, EST-2, indicating the bands anodal migration, where EST-2 is the more anodal band. Allelic variants were designated by a superscript after the locus number, e.g., EST1s and EST-1 where s indicates slow moving and f fast moving bands. The phenotypic frequencies of the populations were then tested against the Hardy-Weinberg equilibrium using the Chi-squared (x2) test of goodness of fit, with 1/2(n2 -n) degrees of freedom, where n = number of alleles (Ferguson, 1980) . The effective number of alleles per locus; the mean heterozygosity per locus (H); and the proportion of polymorphic loci were determined. Malate Dehydrogenase (MDH) Malic Enzyme (ME)
Red blood cells
The normalised identify of genes (I) between populations was calculated using Nei's index and the mean genetic distance (D) between two populations was calculated (Nei, 1972) .
RESULTS
Ten enzymes, with a total of 24 loci, were analysed. The allelic frequencies for all the loci are given in table 5. Other inconsistently resolved bands were not scored.
GOT
The form found in penguin red blood cells was probably the soluble (GOTs) isozyme as only the reticulocytes in the blood exhibit the mitochondrial (GOTm) isozymes. One protein band with common mobility and GOT activity was detected in the blood of all five penguin populations.
ALP
Two protein bands with ALP activity were detected in zymograms of the plasma of all populations of E. minor. These were considered to be the product of two distinct loci, designated ALP-i and ALP-2. ALP-i, but not ALP-2, was detected in the plasma of Yellow-eyed Penguins.
MDH
Red cells of penguins showed one band with MDH activity. This locus was monomorphic and the same allele was shared by all five penguin populations.
Other inconsistently resolved bands were not scored.
CA
One zone of CA was detected in the red blood cells of all populations of E. minor. This was designated CA-I and had a banding pattern characteristic of a monomeric enzyme with two co-dominant alleles, designated CA-i5 and CA-1. The CA-1' alleles were present in all E. minor populations in the highest frequencies. This locus, also, showed a south/north dine in the allelic frequencies with increasing frequency for the fast (f) allele from the southern to the northern populations. One CA band was found in the blood of Yellow-eyed Penguin, with an electrophoretic mobility differing from either allelic form of all the E. minor populations.
LDH
Zymograms of plasma LDH showed a 5-banded pattern characteristic of a tetrameric enzyme with two co-dominant alleles, presumbly the products of two distinct loci (LDH-i and LDH-2).
Variants of the LDHh loci were found in the Poor Knights (LDH-3) and the Yellow-eyed Penguin (LDH-4) populations.
G6PDH
One zone of enzymatic activity was seen in zymograms of penguin blood stained for G6PDH. This locus was polymorphic, showing a banding pattern characteristic of a dimeric enzyme with two co-dominant alleles, designated G6PDH-15 and G6PDH-1'.
The G6PDH-15 allele was present in the highest frequencies in the Onawe Peninsula and
Motunau Island populations whereas the G6PDH-I allele was present in greater frequencies in the Maud and Poor Knights Islands populations.
AcP
Three regions of AcP activity were observed in zymograms of all the penguin populations. These were designated AcP-1, AcP-2 and AcP-3. AcP-l was a polymorphic locus, with two alleles. The allele AcP-1-was present in the greatest numbers in all penguin populations. The s allele increased in frequency from the southernmost to the northernmost populations of E. minor. AcP-2 and AcP-3 were monomorphic.
GPI
One zone of PGI activity was seen in zymograms of all populations of the penguins. This polymorphic locus showed a banding pattern characteristic of a dimeric enzyme with two co-dominant alleles, designated GPI-i and GPI-i respectively, with GPI-i showing the highest allelic frequencies. The frequency of this slow allele increased from the southern to the northern populations.
EST
In the red cell fractions of the penguin blood, at least eight to nine protein bands showed EST activity but only six of these were consistently detected throughout the year. These were designated EST-i, EST-2, EST-3, EST-4, EST-5, and EST-6. EST-6 was not detected in the blood from the Yellow-eyed Penguin populations.
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All loci, except EST-2 of the Onawe Peninsula population (P<0-00i), were in Hardy-Weinberg equilibrium (table 6 ). The EST-2 locus had an excess of heterozygotes. Table 7 summarises the genetic variation for the five penguin populations. Within the E. minor populations, the mean heterozygosity (H) value was highest in the Onawe Peninsula population (0.47), the Poor Knights Islands population had the lowest value (0-34). The mean heterozygosity of the Yellow-eyed Penguin population was 0-16.
The effective number of alleles for each polymorphic locus (table 8) The mean héterozygosity values of 0041 for the four E. minor populations is similar to that calculated for other vertebrates. The mean heterozygosity from studies of birds has been calculated as 0037, and mammals 0039 (Avise and Aquadro, 1982) . When the heterozygosity of the four populations are examined, it is clear that the southern populations (Onawe Peninsula and Motunau Island) have a much higher heterozygosity value (0.047 and 0.045) than the northern population (Poor Knights Islands), 0034. Thus the southern populations are more polymorphic. This is consistent with the high intra-population variations detected in the southern populations by both the classical and numerical phenetic approaches (Meredith, 1984) .
The mean heterozygosity (0.016) of the Yelloweyed Penguin is lower than values reported for all other bird species and the E. minor populations.
This may be due to the absence of panmixia in the taxon, or the presence of null alleles. It is probably not due to selection against heterozygotes because all the loci studied in this genus appear to be in A comparison of Yellow-eyed Penguin with E. minor reveals a high degree of differentiation between the two genera. The Yellow-eyed Penguin has unique CA and LDH loci, and it lacks the red cell EST-6, ALP-2 and LDH-3 loci which are in all the Eudyptula minor populations.
